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c- - Draft Conceptual Design Report c 

Project Purpose and General Background 
The Rocky Flats Envlronmental Technology Site (RFETS, shown on Figure 1) was pre- 
viously operated by the U S government as a nuclear weapons research, development, and 
producbon faahty As part of its Rocky Flats Closure Project, Kaiser-fill and then sub- 
contractors are assishg the Department of Energy m seelung cost-effechve soluhons to a 
variety of challenges assoaated with closure 

Lealung, but now sealed, solar evaporabon ponds at the site have resulted m a plume of 
groundwater ennched wlth rutrate and urmum, movlng north-northeastward from the 
ponds along the North and South Walnut Creek watersheds Porbons of h Solar Ponds 
Plume (SPP) that exceed 100 &grams per hter (mg/L) rutrate rutrogen underhe approm- 
mately 30 acres as shown on Figures 1 and 2 

An e m h g  Interceptor Trench System (rrS) extracts water from the SPP A network of 
about 2 d e s  of gravel-filled trenches cut through much of the SPP's path w l h  the layer 
of allumum and colluvium overlymg bedrock Slotted pipe 111 the bottom of the trenches 
co~ects  groundwater that IS pumped to three 500,000-gdon modular storage tanks W s ) ,  
and then to an evaporator Evaponte "saltcrete" is produced at the evaporator and &posed 
of m a class 1 landfill. 

- 
- - .  . -  - -  - - -  - -  - - -  - i - _ - i _ _ .  - 

Under Kaser-Hdl subcontract number KH602761MW-040, CH2M HILL (a Wer-HdI 
affiate), IS p r e p m g  a conCephial design for passive phytoremediahon of the SPP. The 
purpose of ths memorandum 1s to present the conceptual design for h s  system, mcludmg 
the fol lomg 

Detaded Project Background 
General Project Concept 

Conceptual Design 
Summary and Recommendahon 
References 

Project Purpose and General Background 

Site Descnphon and Project Delineahon 

Detailed Project Background 
The o n p a l  phytoremediahon concept combined passive and actwe systems (April 9,1997, 
memorandum from John Dickey and A h a  Lanier, Draft Project Concept, also Appendix B of 
February 4,1998, memo from John fickey and Jim Jordahl, Solar Ponds Plrime Conceptlid 
Design, Task 3 Prelrrnina y Design Parameters 

The passive system was designed to rely primarily on direct intercephon by plant roots of 
SPP water in and slightly above the aquifer In the passive svstem, irngation would occur to 
promote plant commuruty establishment and then be greatly dimrushed or discontmued 
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The achve system would use water collected from the ITS for mgahon of c addikogal - 
planted areas 

0 

W i h  the SPP where groundwater is too deep for direct uptake of groundwater, or 
Outside of the SPP area 

Supplemental water would be required m an actwe system outside of the plume 
because lrngahon outside of the plume, with exclusively rutrogenous water collected in the 
ITS, would overload the plant and soil system‘s capaaty for conversion and benefiaal use 
of rutrogen, and expand the SPP However, if rutrogen and water apphcabon were limted 
to amounts that the plants can take up, overload would not occur Put another way, parbal 
imgahon wth SPP water would supply the mtrogen needs of the plants, and adchhonal 
fresh (low rutrogen) water would be required for m m u m  rutrogen uhhzahon and plant 
productivity -The propoSed “freshwater” source-is highly treated wa-te-t-from theRFETs - - - 

wastewater treatment plant 

is 

The combmed system would provide a soluhon to mulhple water quahty problems at the 
site, mcludmg plume c o n m e n t  and treatment, landfill leachate treatment, and zero- 
dscharge from the A-1 and &1 ponds, respechvely, rn North and South Walnut Creeks The 
layout and vegetahon for the actwe and passive systems would be selected accordmg to 
remdabon reqwements and habitat needs of the Prebles mouse and other wddhfe m the 
area 

Before and after the subcontract was let mochficahons to the on@ concept were reqwred 
by changes m site condmons and performance cntena. Some of these changes mclude the 

Passimty. A system r e q m g  l~u~umum mamtenance was essenhal Long-term opera- 
hon and mamfmance of an Engabon system was not acceptable 

Applicabon of contaminated water outside of the SPP boundanes was not acceptable 
Therefore, h s  subcontract o n p l l y  dealt excluvely wth a passive system, mgated 
only w h n  the plume boundanes However, Kalser-Hdl has requested that an actwe 
phytoremediahon component be descnbed in tlus memo 

Prebles Jumping Mouse Habitat The Prebles mouse 1s hted under the Endangered 
Species Act Areas of known or sultable habitat could not be mcluded w h  the 
phytoremediahon system The ongmal concept mcluded these areas, assurmng that 
Prebles habitat requlrements would be designed into the phytoremediahon system 

It was discoyered that the slope beneath the MSTs was unstable and that the MSTs 
were begmmng to slip downiull Fmding an alternahve to the current SPP management 
and remediahon system is unperahve, a system that requlres several years to 
sigruhcantly influence the SPP i s  no longer acceptable 

The ITS is expensive to operate and does not completely mtercept groundwater flow to 
Walnut Creek Because of this and MST instabllitv, site managers would like to retire 
the ITS and MSTs as soon as possible 

The regulatory interpretation of stream standards for rutrate-rutrogen and uranium 
were moved from the stream to the adjacent groundwater 

following 

- 
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The changes in regulatory critena and remediahon schedule combmed to indicaLe-that 
passive phytoremediahon alone could no longer meet remediahon goals 'Tt was recopzed 
that, to meet remediahon goals, passive phytoremediahon would need to be combined with 
other technologes, such as reachve walls to remove radionuclides, accelerated dexutnfica- 
bon through the addihon of carbon to the groundwater, or achve phytoremediahon 

On July 7,1998, CHZM HILL was dlrected by Kaiser-fill to t e r n a t e  current work and to 
provide a summary of progress to date on both the passive and passive/achve systems 
T h s  document provides a brief overview of the conceptual design of passive and achve 
phytoremediahon systems, m the context of current site condihons, constramts, and 
remediahon plans 

Two Complementary technologm currently under dscussion-for the SPP are a reactwe wall 

channelgroundwater) m whch added carbon would hasten natural derutnficabon These 
technologes mfluence the way that phytoremediabon fits mto the site as follows 

Under tlus contract, nsks assoaated mth urmum contammabon and the phyto- 
remedabon system were evaluated at a prehunary level. Due to the sod- and plant- 
s p d c  nature of uraruum mobhty, we recommended that mgahon mth SPP water be 
subsurface, and then pdot tested and closely momtored. If uraruum levels m plants are 
at levels that pose unacceptable mk, then future pdot and full-scale mgabon should be 
wth treated wastewater or SPP water after removal of uramum. Operahon of a reachve 
bamer system upgradent of the lT!3 and the phytoremedtahon systems resolves these 
queshons 

. 

- - -  - .  
- to remove uraruum from groundwater, -mdaderutnficahoxtwaU (mi bamepwalls to - -- 

W e  the passivephytoreme&atmn system wrll remove a slgnrficant rutrogen load, its 
sue is constrmed by the dimensions of the plume The passive system_cannot be 
m c r e a d  further, even to proGde need& capaaty for benefiaal use of SPP rutrogen 
Ths  system wdl treat a sigruficant rutrogen load dunng its first year by talung up and 
transforxrung rutrogen m irngated SPP water from the ITS, and wdl mcrease m capaaty 
as deep roots gam access to groundwater along the capdary fnnge Espaally dunng 
establishment, complementary technologes hke a demtnficahon wall provide redun- 
dancy and rehablllty Likewise, phytoremediabon provldes redundancy where the 
demtnficabon wall technology dues not conform to site remediabon goals Two of these 
instances mclude the followng 

- To consistently accommodate wdely varylng groundwater velmhes with adequate 
residence hme, the wall would have to be unacceptably tluck If the constructed 
thickness does not accommodate peak groundwater flow rates, periodic break- 
through 'Is likely The passive phytoremediahon system would provide cnhcal 
redundancy dunng these episodes, and polish water quality when condihons favor 
acceptable performance by the derutnficahon wall 

Carbon m the derutnficahon wall would be gradually consumed, and require peno- 
dic replerushment, including sigruficant site disturbance along the length and width 
of the wall Over hme, the carbon addihon by cottonwood in its root zone would 
reduce or elirmnate the need for ongoing maintenance of the derutrificahon wall 

- 

There are significant advantages to implemenhng a complex of passive, or nearly passive, 
technologies to reliably acheve regulatory standards in the SPP area As a part of ths 

\ 
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complex, passive and achve phytoremediahon can cost-effecbvel y contnkte to Lhe near- 
and long-term remediahon goals 

General Project Concept 
The passive system that fits w i h  current project objechves and the potenhal combined 
passive/achve system are described below 

Passive System 

reme&abonsystemw==l mosthkel-y be-used to prowde a l e e €  ofredundancy, reliabdii, - 

The revlsed vision for the project is the use of a prirnanly passive system to be lntegrated 
with other remedabon technologes such as barner and derutnficabon walls The phyto- 

and polislung for rutrate removal Subsurface dnp Imgabon wdl be used only to assst with 
site estabhshment dunng the first 3 years Groundwater from the ITS and rechmed water 
from the wastewater treatment plant (WWTP) wdl be used for mgabon Imgabon usmg 
the groundwater wdl provide some immediate removal of rutrate from the system through 
plant uptake and accumulabon of sod orgaruc Iutrogen Retmment of the mgabon system 
over tune wdl allow the system to self-sue as some trees die. Trees that can access the 
alluwal groundwater vvlll be more hkely to survive without ungabon 

Source control and remedlabon efforts wdl significantly change the plume over tune. The 
site wdl be adapbvely managed after mplementahon, based on morutonng of component 
systems and of the enhre plume and watershed. The system is s ~ e d  e y  wthin the 
footpnnt of the plume and wdl be installed and operated to avoid confhct wth other 
component systems 

Natw6 RIO Grande and Narrow-Leafed Cottonwood trees (Populusfimontn and 
angusttfoluz), will be used m combmahon wlth adapted grasses Cottonwood wdl be used 
because of their capaaty for deep rootmg and abdity to grow and root under wet condibons 
(as a phreatophybc, or water lomg tree) A grass understory wll  be estabhshed along wth  
the trees m what is known as a relay intercropprng system Grasses wrll be used to encour- 
age deep rootmg of the trees by depletmg water near the sod surface and to provide rapid 
elmunabon of shallow seeps As the trees develop a canopy, shadmg wll reduce the grass 
cover 

- - -  

The phytoremediahon system is expected to provide a sigruficant amount of carbon to the 
alluvial aqulfer that will result in increased denitrificahon Over bme, it may reduce the 
need to replace orgaruc amendments if the derutnficabon wall system is implemented 
Prelimnary calcdahons suggest that by year 5, the stand of cottonwood trees could provide 
an mput of over 1,800 pounds per acre per year (lb/ac/yr) of carbon to the soil m the form 
of root turnover and root exudates Although an unknown frachon will be either lost as 
carbon diomde (COz) before reachng the aqufer (because of degradahon by aerobic mcro- 
orgarusms) or through the accumulahon of orgaruc matter m the soil above the aquifer, a 
significant input of soluble carbon to the aquifer would shll be expected Soluble carbon 
released by plants will be much more bioavailable to derutnfying microorgarusms and, 
therefore, more effechve in promohng rutrogen loss through derutrhcation than the 
sawdust carbon (primarily cellulose and lignin) typically used in derutnficahon trench 
svstems 

.. 
L 

\ 
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-- - Passive/Active System - 
. The passive system could be supplemented very effechvely by the mclusion of an acbve 

component The actrve component would provide a means of handhg the ITS flow, leav- 
ing the capaaty of other components to deal wth groundwater not removed m the ITS 
Land apphcabon systems for rutrogen removal are commonplace, hghly reliable, straight- 
forward to implement, and envlronmentally sound The acbve component of the system 
could be located anywhere, but it IS assumed that it would be near the SPP to mrurruze 
conveyance costs The passive system would operate generally as descllbed previously, 
except that rutrogen loading would be reduced The acbve system would benefiually use all 
of the rutrogen from the ITS, and the passive system rutrogen demand would be met 
exclusively from groundwater mtercepbon by passive system roots Ail imgatmn of the 

conforkafion sliodd have-the effecrof mam-hmg the G e h t s  Zf &i-flS, wue-reknng 
most of the storage reqwrement and supplantmg the need for evaporatwe treatment of ITS 
effluent 

passive system would be with reclaimed water, carrying a muunal_rutrogenload. Ttus 
- =  - 

The actrve component could be slzed to fit the problem rn terms of pounds of rutrogen per 
year, and would only be requrred to operate for a h t e d  number of years, untd source 
control and other component remedabon technolopes were fully lmplemented and 
funct~onal A storage system would be reqmred to accumulate non-gromg season flows 
collected by the ITS The estmated volume for tlus storage IS approxlmately 600,OOO gallons, 
to store mter flow from the lT!3 h assumes that the current mfiltrabon and inflow of 
surface water to the ITS would be e h a t e d  Methods for domg h would include 
cappmg the area over ITS trenches Water collected in the ITS would, therefore, be smdar m 
volume to groundwater mflow described m Table 2-1 of Solar Ponds Plume Remedtatum rmd 
Interceptor Trench System Water Treatment Study (RMRS, September 1997). Water quality 
would be m c r e a d  f~om the diluted 275 mg/L rutrate currently enkmg m-storage to 
about 785 mg/L 

Based on the rutrogen load m off-season and excess m-season flow from the l"S, the 
estmated slze of the actwe system reqwed for agronomc rates of Iutrogen apphcabon 
(apprommately 150 Ib/acre) IS approxlmately 16 acres We have assumed pretreatment to 
remove urmum before irngahon m the acbve system, whch would be sited outside of the 
plume footpnnt The actrve system's irngabon demand not met by ITS water would be 
made up urlth reclamed water The irngabon system would be subsurface dnp 

The plant m x  used XI the actwe system would be either a mxture of herbaceous (mostly 
grasses) and trees, or stnctly herbaceous Trees would be mcluded only if the system were 
to be sustamed for a penod suffiaent to allow trees to mature and contnbute 

Site Description and Project Delineation 
Ths  secbon descnbes site charactenstxs includmg the locabon and nature of the SPP, soils 
and topography, habitat, and hydrogeology These site characteristics help define the 
project area for the phytoremediahon system 

RDD SF0/982090002 doc (CAH289 DOC) 7 
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Solar Ponds Plume Location and Nature 
. The SPP is shown in Figure 2 From the source area under the solar ponds, groundwater 

flow elongates the SPP in a northeasterly dlrecbon The SPP extends from dlrectly beneath 
the solar ponds north northeastward toward North Walnut Creek The area mcludes the 
relahvely level terrace upon whch the ponds are constructed, the moderately slopmg, 
north-faang hllside, and the southern npanan area of North Walnut Creek 

The SPP map was interpolated from groundwater concentrahon data collected m momtor- 
mg wells shown on Figure 5 The 100 and 500 mg/L iso-concentrahon lines for the SPP 
encompass 30 2 acres and 15 1 acres, respechvely 

- - Soils - - and i Topography-of - -  - -  Site _ . -  - -  

Properties of sods present at the site were obtamed from the Sod Survey of Golden Area, 
Colorado (USDA/SCS, 1980) Soil map urut deheahons and topography are shown 
together on Figure 3 Typical properhes of these mappmg uruts are descnbed below 

Passive System 
Figure 3 shows that most of the area of downgrachent from the solar ponds IS steep (rangmg 
from 10 to 25 percent slopes) The North Walnut Creek npanan areas and areas wthm the 
fence near the solar ponds are much flatter In steeper areas, tree plantmg operahons and 
irngahon should be approxunately parallel to the topographc contours 

A sigruhcant porhon of the SPP area IS arbhaal fill. Reported sod properbes are for the 
natme sod and may not relate to properhes of the fill. Furthermore, the scale of sod 
vanabihty requred groupmg of sod senes mto complex mappmg uruts that could only be 
subdmded bya more focused mappmg effort Therefore, a atespeclfic sods mveshgahon 
(test pit excavahon and descnphon, samplmg and analysls of observed profiles) wdl be 
needed dunng predesign of remediahon projects that, hke phytoremediahon, depend on 
sod Table 1 summanzes key soil properhes wth respect to design of the phytoremdahon 
system 

The alluvlal area immediately adjacent to North Walnut Creek is mapped as a Haverson 
loam Tlus senes IS deep and well dramed The surface 0 to 6 mches has a loam texture, 6 to 
40 lnches IS strahhed clay loam and gravelly loam, and 40 to 60 mches IS strathed very 
gravelly loamy sand Available water holdmg capaaty i s  hgh and the effectwe rootmg 
depth is 60 mches or more Imgahon is typically needed for plant establishment and during 
dry penods Applicahons of rutrogen and phosphorus are needed to maintam fertdity 

The predommait upland soil mapped above the SPP is a Denver-Kutch-Ivhdway clav loam 
T h s  is a complex of three soils that could not prachcally be mapped mdimdually at the 
scale used m h s  survey Slopes range from 9 to 25 percent The Denver component is clay 
and clay loam to a depth of 60 inches The available water holding capaaty is high and the 
effectwe roohng depth i s  60 inches or more Based on other site data, it is likely that the 
Denver component of ths complex predomnates in the area of the SPP The Kutch and 
Midway soils in tlus complex are shallow, overlylng soft shale that appears to sigruficantlv 
limt the depth available for plant roots, although some rootmg into the shale could occur 
The Kutch component is clay loam and clay overlying interbedded soft shale at approxi- 
matelv 26 inches The available water holding capacity is low and the effectwe roofing 

-- - 

RDDSF01982090002 boc (CAH289 DOC) 8 



l -  

1 %  

I .  

0 
(0 
A 

0 a 
cu 0 

0 0 

W cu 
0 0 

c - 

0 m 

U 
a, 
r 
E 
U 

a, * g  
> m  

0 

( D l  

G 
n 0 

m 
a0 N 
I 
a 
u_ 
V x 
N 0 

8 

B 

m 

m e 
0 N 

co 
D 
a: 
n 



--- 
D w  CONCEPNAL DESIGN REPORT 

-- 

I 5- 

c 

depth is restncted to 20 to 40 inches The Midway soil is even more restrictwe tog_lant- 
roohng, with soft shale present at a depth of 14 mches The effective roohKg depth is 
restncted to only 6 to 20 inches 

A small area rncluded w i t h  the SPP is mapped as Flabrons-very cobbly sandy loam This 
is the predormnant soil map m t  from the solar ponds area extending eastward It is deep 
and well drained Typically, the surface 0 to 13 inches is very cobbly sandy loam, from 13 to 
18 mches is very gravelly clay, from 18 to 44 mches IS very gravelly sandy clay, and from 44 
to 60 mches is very gravelly sandy clay loam Both permeability and available water hold- 
ing capacity are low 

A set of 5 soil samples was collected as part of the site charadenzahon for the phyto- 
remediabon system Samples were tak& from an area centered on the main part of the SPP 

. a t  the downgradientend of the ITS The data do not clearly mdcateany si@cant - 

chemcal hxrutahons to plant growth, however, agronomc mterpretabons are hmted 
because of the analybcal methods used The methods used were appropnate for the 
samphg objectwes, but not o p h a l  as agronomc data. A range of soil textures was 
encountered from sandy loam to clay, wth  a slight trend toward mcreasing clay content 
wth depth. 

- 

Actwe Component of PassivdActwe System 
Sod types descnbed above generally dommate the s u r r m h g  areas near the SPP that 
could be used for the achve system The Habrons soil and the Kutch and Mdway 
components of the Denver-Kutch-adway complex would be less desrable for the achve 
syskm because of cobbles and depth to shale, respectwely. S d a r  to the p a v e  system, 
areas of the Denver-Kutch-Mdway complex where the Denver component is donunant 
would probably be the most sutable for the actye _system even-&ough the cgmplex IS 
found on steep areas. Other sod types are also avadable that would be desirable, but are 
generally a mle or more from the ITS 

Habitat 
The exlsbng vegetabon above the SPP and wtlun the phytoremediahon area consists of 
approxmately 18 acres of Reclauned W e d  Grassland The SPP extends beyond the 
emtmg dry grassland and the proposed phytoremehabon area to Walnut Creek Tlus area 
of the SPP was omtted from the passive system because of its designahon as sutable 
Preble’s Meadow Jumping Mouse ( Z a p s  hudsonzus preblei) habitat 

The omitted area includes approximately 4 3 acres of pnmanly hpanan Woodland with 
small patches obShort Upland Shrubland and Willow hpanan Shrubland The uppermost 
reaches of the Walnut Creek hpanan Woodland m the area of concern include approxi- 
mately 2 acres of known habitat for the Jumping Mouse All captures of the Jumping Mouse 
at Rocky flats in 1996 were w i h n  82 feet of streams The interface between the nparian 
vegetahon and the dner, mxed grassland includes a buffer, approximately 75-feet wide, 
designated as Suitable Habitat for the Jumping Mouse (Figure 4) 

The phytoremediation area avoids areas of Known and Suitable Habitat for the Jumping 
Mouse, which on May 8,1998, was listed as a federally threatened species by the U S Fish 
and Wildlife Service (USFWS) Actual critena used for the designatton of Suitable Habitat 
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by PTI Environmental Services are unknown but probably relate to distances f r m  water 
and the pxtaposihon of npanan and upland habitats 

Preble’s Meadow Jumpmg Mouse has not been studied as extensively as other subspeaes of 
jumpmg mce It occurs mostly m low undergrowth consistmg of grasses and forbs in 
ripanan comdors wth trees and shrubs This mouse is adapted for diggmg and constructs 
underground burrows for hbernahon Dense upland grasslands adjacent to npanan 
comdors may be used for hbemahon sites Recent studies suggest that t h ~ s  subspeaes has 
a broad range of ecologcal tolerances and, whde it requres diverse vegetahon and well 
developed cover, these requlrements can be met m a vanety of clrcumstances (Meaney et 
a1 ,1997) The USFWS, m llstmg Preble‘s Meadow Jumpmg Mouse, recogruzed the potenhal 
for adverse impact of bioremediabon projects However, they also mdicate that water 

- -  related projec@ thtt d? cot  eh-m&e,-degrade, or fragment exstmg habitat, and extend . - 

moist habitats with dense vegetahon, can greatly benefit Preble’s Meadow Jumpmg Mouse 

If necessary for phytoremdahon of the SPP, it appears that the confhct between current 
habitat deheahons and potential passive system footpnnt could be resolved without 
compromsmg either Jumpmg Mouse habitat or remehabon goals ThIs would requlre 
focused revlew of habitat extent and reqwements mthm ths area, an effort to ensure that 
the phytoremdahon system provldes Jumping Mouse habitat benefits, and morutonng of 
the Jumpmg Mouse habitat wthm the system and a control area outside of the system 

- - 

Hydrogeology 
To detemune the effechveness of a long-term transihon from an achve to a passive phyto- 
remedmbon system, water avadabhty m the cottonwood root zone must be evaluated 
Groundwater levels m the alluvlal and d a d  fill sods have been momtored for several 
years at the Rocky Flats solar ponds site Morutonng well locahons m the’area are shown on 
Figure 5 

Groundwater is hghest m late spnng to early summer, dunng peak recharge from spnng 
ramfall and snowmelt Figure 6 shows m,uumum depths to groundwater T ~ I S  figure was 
compiled from a combmabon of analyses of hydrogeologc mterpretabons by others and 
o n p l  mterpretation of well hydrograph data Areas idenhfied by other analyses and our 
own interpretahon are differenhated by color, as mhcated m the legend on Figure 6 Light 
purple and beige shading indicate areas where the groundwater is typically withiin 10 feet 
of the surface at some point dunng the year There are apprommately 24 acres of land 
where groundwater IS w i h n  10 feet of the surface Establishng a long-term, passive 
phytoremediabon system IS feasible II-I these areas 

In the area shaded in dark purple, groundwater comes withn 10 to 15 feet of the surface 
dunng the year This area encompasses approxmately 2 acres The greater depths to 
groundwater in these areas result in less groundwater availability to cottonwood (or to 
other plants‘) roots and thus may l i n t  the long-term success of non-imgated cottonwood 

J 

Conceptual Design 
Task 3 of the Solar Ponds Plume Conceptual Design and Evaluation of Phytoremediahon 
Technology included the development of preliminary design parameters for a phyto- 
remediation svstem These parameters are finalized in this conceptual design report 

I 

RDD SF01982090002 DOC (CAH289 DOC) 13 



' 
Parameters perhnent to the conceptual design are listed here and discussed in tbgfoll_owmg 
sechons 

1 

- 
Plant Selecbon and Physiological Considerabons 

a Idenhhcahon of potenhal vegetahon (plants/trees) that rmght be used for 
phytoremediahon 

b Plant/ tree life expectancy 

c Tune to establish root zones 

2 Evapotranspirahon Rates and Imgahon Requrements 

a General Climate 

b Reference Evapotransplrahon 

c Cottonwood Evapotransplrahon 

d Imgabon Reqwements 

3 Nutnent and ContaIrunant Unmobduahon and Remedrahon Processes 

- -  - -  - - -  . .  

a Nitrogen Uptake Rates 

b Uraruum Uptake Rates 

c Fate of Uraruum m Biomass 

4 Other Parametes Pertment to Hydrogeolwc Analyses 
- 

Plant Selection and Physiological Considerations 
Selecbon of appropnate plants for the phytoremediahon system and other aspects of the 
conceptual design are dnven by a number of considerahom as descnbed m the follomg 
section 

ldentrficatron of Potential Vegetation (PlanWTrees) that Might be Used for Phytoremedration 
Passive System. The object~ve of the remedrabon project would be to reduce recharge of 
groundwater and soluble conshtuents (rutrate, uraruum, VOCs) to Walnut Creek 
Speafically, final remediation must bnng the site into conhuous compliance with a water 
quality standard for rutrate of 10 mg/L in groundwater adjacent to Walnut Creek by the 
end of active site cleanup (year 2006) Dunng mtenm operahon (between the years 1999 and 
2006), the lntenm water quahty standard for rutrate wlll be 100 mg/L, if intenm operahons 
will assure compliance with the 10 mg/L rutrate standard after the year 2006 Uraruum 
water quahty standards must alsobe met The current standard 1s 10 pCi/L, based on 
ambient conditions, but t lus  is sublect to change if a health-based standard i s  adopted (most 
recently proposed at 30 pCi/L) 

Correspondence in Appendix B indicates that a phytoremediahon system should be 
passive That is, imgation for the purpose of crop establishment would likely be acceptable, 
but thereafter, the irngatlon system would be rebred Furthermore, the vegetahon should 
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DMCCWCEPTUAL DESIGN REPORT 

be conslstent with exishng habitat types, that is, nabve plants and plant cornmug-hes- 
should be emphasized 

Once the SPP source area is capped, groundwater levels mght be expected to declme The 
system should evolve m a relahvely natural way m response to ttus anhapated change m 
hydrology, without causmg any severe ecolog~cal or aesthebc disrupbon 

Given these constrmts, vegetahon m a phytoremediahon system must have the followmg 
charactenstm 

- 

S p e s  nabve to the area and, If possible, the watershed 

Deep rootmg smce groundwater will ultmately be taken up d~ectly by the-plant, and 
_not mtercepted by the ITS Further, -- %e - depth to _ _ _  wbch - plane can take-up sigruficagt - 

ari~oUnis of water w i ~  p&y d e t e r n e  effectweness m SPP mtercepbon 
- 

- 

The plant commuruty should take up as much water and rutrogen as possible Nitrogen 
r e c y h g  m senescent biomass should be muumued, to the extent possible 

Phreatophytes, or plants that thnve under saturated con&bons, d be preferred The 
system wdl really be domg its job when groundwatt& levels are €ugh, so that it must be 
usmg as much water as possible from the wettest sod 

Rapid plant growth WIU allow for rapid development of the system, prompt perfor- 
mance assessment, and early realizabon of lower consbtuent loadmg to Walnut Geek 

A phytoremdabon “track record” for the plant communxty would be helpful smce it 
would fadtate proje&on of benefits and increase the probablllty of su- 

When site hydrology changes, the plants should either persist, or die and make way for 
succession by other native plants 

Woody perenruals (shrubs and trees) are generally more deep rooted than herbaceous 
plants The d o m a n t  nabve woody perenrual m the upper watershed is cottonwood, a 
phreatophybc tree growmg along the m a r p  of the creek, and a user of large volumes of 
water dunng the growmg season Cottonwood grows qwte rapidly relabve to most trees 
Poplar, m the same genus, has been widely planted m phytoremedmbon systems, a number 
of whch have focused on control of hydrology and/or rutrogen When a site dnes, mature 
cottonwood will likely extend their roots to obtam water Under sufficlently dry condibons, 
they will eventually h, &e off, and fall over With the removal of tius tree canopy, natwe 
understory sho6ld establlsh readily, smce cottonwood leaf litter is not phytotoxic 

It is, therefore, expected that nahve cottonwood wdl make up the bulk of the phyto- 
remedabon system, being mterplanted with exlstmg, herbaceous vegetabon Once 
estabhshed, the expanded cottonwood stand will Uely shade out many of the herbaceous 
species, resultmg in an increasingly pure stand of cottonwood 

However, the ophmal plant community for phytoremediabon may need to be modified 
somewhat to aciueve site habitat goals and requlrements If h s  is the case, one likely 
change will be a reduchon in tree density, or planhng of less area A reduchon in density 
would delay achevement of peak evapotranspirahon (ET) rates by delaymg closure of the 
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cottonwood canopy Areas planted with other species would likely have Lower mad 
extract less groundwater per urut area 

PassivdActive System. The appropnate plant mxture for the actwe component of the 
passive/achve system depends upon the term of operabon. If short term, a stnctly 
herbaceous system would be used because the addibonal cost of establishng trees would 
not be ju~bfied After cessahon of mgabon, trees establshed m the actwe system would 
not survive because they would not have access to alluvial groundwater m most hkely 
locahons to be used m the achve system Nitrogen utduabon for an lmgated grass system 
would be simdar to a combmed grass and tree system, but wthout grass biomass removal, 
long-term rutrogen removal from the site would be substanbally lower 

A number of herbaceous speaes could be uthzed m the achve component of the system 

allow plants to take advantage of mcrosites best adapted to mdividual charactenstm 
Grass plants would p r e d o m t e  the seedmg but other plants, mcludmg adapted forbs or 
legumes, could be mcluded All of the wheatgrasses (Slender, Tall, Crested, Intermdate, 
and Western) have been found on site and could be mcluded m a seed m t u r e  for the 
achve system. Other grass speaes could mdude Blue Grama, Smooth Bromegrass, Reed 
Canarygrass, Orchardgrass, Big Bluestem, Little Bluestem, and Buffalograss Inclusion of a 
vanety of speaes also serves to decrease nsk 

- Plantmg ai-hverse mixture of spetleswoul;finclreasitthh~ib~-valiiesof *e area aiid - 
- 

Planthee Life Expectancy 
Passive System. Natwe cottonwoods hve for many decades, given stubble growmg 
condtions. With attnbon, natural reproduchonmay not mamtain the stand throughout the 
area currently occupied by cottonwood Groundwater recharge upgradent should d&e 
mth capplng of sigruficant land areas, so unless runoff IS Touted to Walnat Creek, t)us area 
wdl be h e r  m the future 

I 
2 

In short rotahon and favorable ennrorunents, hybnd poplar trees are harvested m a 7-year 
rotabon 'Ilus is  probably eqwvalent to the growth that mght occur m 10 years at Rocky 
Flats, p e n  the shorter growmg season and Mferences between natwe and hybnd 
vanehes At h pomt, th.uuung would allow the contmued growth of other trees Given the 
need for comprehensive roohg, a more gradual thmmng process mght be advlsable to 
mamtain performance and to maxlnuze stand hfe span 

Whde cottonwoods do reproduce via seeds, theu mam form of propagabon is by coppimg 
(or sproutmg from exlstmg plant matenal ) New sprouts often emerge from exishng roots 
some distance from the o n p a l  stem In effect, h s  propagates cottonwood throughout a 
local area favorhle to its own survival so that, mthout actwe plantahon management, the 
plantahon wdl grow mto its most favorable habitat l h s  propagahon will most likely 
follow avadable water and rutrogen (1 e ,  the SPP) as theu avadabdity h u t  growth on much 
of the site 

PassrvdActrve System There should be little difference m life expectancy for the passive 
and achve systems All plants used are peremal and will survive for many years If 
irrigahon i s  no longer provided in either system, the plant community will naturally 
transihon to appropnate species 
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-- c Time to Establish Root Systems I 

Passive System. Observahons of roohng in hybnd poplar plantahons, a close relahve of 
nahve cottonwood, m&cate extension to about 6 feet m h  about 3 years, and to 12 feet m 
6 years, ~ v e n  favorable soil condihons Many of these plantahons are located UI areas with 
longer growmg seasons than are enjoyed at Rocky Flats Therefore, 4 years may be reqwed 
for h s  type of root extension at h s  site Mature, nahve cottonwood root more extensively 
and over long lateral &stances (over 100 feet, personal observahon, Salem OR, 1997), if tree 
densibes are suffiaently low 

Soil depth, density, and other physical condhons wdl also affect roohng Very dense sod 
layers and bedrock wtll impede rootmg Roots will penetrate fractures if molsture 
condihons allow- 

wetter sod volumes, when the trees' water recprements are not met wthtn the current 
extent of rootmg In practical terms, deeper rootmg IS encouraged by mfrequent, rather 
large mgabon events These tend to fill the sod profile, and then allow it to dry between 
events, encourapg plants to pursue moEture by roobng downward 

Projechons of rootng at the site wdl be mcreasmgly certam w~th  adhhonal site-spedic 
mformabon on sod condibons and groundwater levels 

PassivdActive System. Rapidly aduevmg maxunum rooting depth m the active system i s  
less cnbcal thamm-the passive system. Imgahon would be managed to opturuze rutrogen 
uptake rather than.rooting depth, possbly lcesultmg m shallower rootmg even for trees that 
mght make up part of the a e v e  system. Root systems for herbaceous speaes for both the 
passwe and achve systems would be largely conlined to the surface 1 to 2 feet, most of 
whch would OcCuTdunng the first year. ~ 

- 

Evapotranspiration Rates and Irrigation Requirements 
ET rates are a cnbcal factor m the design of most phytoremdabon systems Reasonably 
accurate e s m t e s  can be made based on knowledge of local clunate and growth 
charactenstm of selected plants. 

General Climate 
The g r o w g  clmate of Rocky Flats IS typical of the Front Range of the Rocky Mountains 
Winters are cold wlth average mmmum temperatures at hngmont, CO (Elevahon 4950) 
dipplng to 11 5 degrees Fahrenheit (OF) dunng the month of January (Western ReQonal 
Climate Centerf Summers are very warm wlth an average maximum July temperature of 
88 5°F Because the Rocky Flats Faahty IS approxlmately 1,OOO feet hgher (5,900 feet), 
average temperatures wrll tend to be shghtly cooler than those at Longmont Assurmng an 
unsaturated adiabahc temperature gradient wtth height (= 5"F/1,000 feet), it is expected 
that the average manmum and nununurn temperatures may be decreased by up to 5°F 
Cold temperatures generally restnct the actwe growmg season to md-May through early 
September 

Precipitahon type and amount also varies with season The average annual precipitahon 
observed at Longmont is 13 77 inches Annual preapitahon at Rocky Flats has been 
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reported to be closer to 15 lnches Over one-half of the preapitahon, 7 81 ipches,fa_lls dumg 
the summer months May through September, m the form of hgh mtensity convectwe 
storms Snowfall i s  sigruhcant throughout th~s regon, averapg 35 5 mches annually. It 
may fall as early as September or as late as Apnl The Front Range i s  generally a serm-and 
regon with occasional most a m a s s  mtrusions emerpg from the Great P l w  
Correspondmgly, there are typically over 300 days of sunslune per year 

Reference Evapotranspiration 
Chmabc condibons deterrmne the long-term expected evaporatwe demand or crop water 
use (also referred to as evapotranspirabon). Average annual ET of an alfalfa reference crop 
at Longmont i s  equal to 30 9 mches (Central Colorado Water Conservancy h t n c t ,  1997)- 
l?us estunate can be adjusted to yleld ET estunates for the proposed cottonwood 

prowded m Table 2. The evaporatwe demand dunng the summer months is relatwely hgh, 
but the annual demand IS kept m check by the relabvely short growmg Season Values are 
given for 1- through 7-year-old trees It IS assumed that crop coeffiaents (and ET) wdl not 
change sigruficantly after 7 years of growth, when cottonwood canopy closure wdl be 
complete Cottonwood ET can be expected to maease from approxunately 153 mches per 
year for I-year-old trees to 28.4 inches per year for 7-year olds 

Adjustments to the reference ET for the 1,Wfoot elevabon Mference between Rocky Flats 
and Longmont, Colorado, were considered Conslderable debate exlsts m the saenhfic 
literature as to the effects of altitude on evapotranspirabon rates. T ~ I S  IS because plant 
transpn-abon does not have a simple hear relahonshp to albtude, but rater lnvolves 
numerous other biophysical parameters. Some resear& suggests that plants can respond to 
albtudmal changes in a vanety of ways Thesedifferences may m fact be due to changes m 
the mcro-chnate of the plant, antang from extreme topographc vanaboris asocmted-unth 
mountamous terra, and as opposed to larger scale c h a b c  Merences such as differences 
in radiabon, CO,, and water-vapor concentrabons, diffusion coeffiaents, and temperature 
Laclung a formal, accepted adjustment procedure or substantial mcrochate  data obtamed 
at the Rocky Flats site, no adjustment was made to the alfalfa reference ET from Longmont 
Neglectmg albtudinal adjustments should result m conservatwe estunates of annual crop 
water use, and hence of plant water requrements Tlus 1s because the unadjusted estunates 
will slightly over-prdct the water reqwed for the ste due a presumed shorter growmg 
season at the Rocky Flats site 

- phytoreme&atmnuopby=iiseef crop coefkents Monthly cot tonwd ET estimates are - - -  - 

Cottonwood Evapotranspiration 
For producbon, poplars are planted at a wide range of spaangs dependmg on objecbves, 
r a n p g  from 300 to 1,200 trees per acre In natwe stands, hgher densibes can be mam- 
tamed where water is plenbful, and would tlun to much lower densibes m dner areas One 
of the advantages of plantrng at hgh densihes i s  that the stand closes its canopy and, 
therefore, commences sigruhcant remediabon sooner than lower plantmg densihes We 
recommend imbal densihes at t lus  site should be approxlmately 870 trees per acre where 
habitat requirements allow Some thmung will be desirable m later years as trees grow, 
especially along the margms where water will be scarce after rebnng the irrigabon system 
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Estimated Cottonwood Stand ET by Age for Rocky flats, Colorado 
Alfalfa ET at 
Longmont Cottonwood ET (inches) 

Month (inches) Year1 Year2 Year3 Year 4 Year 5 Year 6 Year 7 

January 0 0 0 0 0 0 0 0 

February 0 0 0 0 0 0 0 0 

March 0 16 0 0 0 0 0 0 0 

April 2 05 0 86 0 90 0 82 0 82 0 88 0 92 0 96 

May -4 03 1 73 2 10 2 10 222 234 2 42 250 - 
June 6 14 2 89 3 68 4 30 479 491 - -- - 5 0 3 -  463 . 

July 7 52 384 5 19 6 39 677 6 99 7 14 7 29 
- -  - -  -- - - 

August 64 3 52 4 86 800 800 8 19 8 32 8 45 

September 385 2 12 2 93 3 12 335 3 47 354 3 62 

October 0 76 0 38 054 0 49 053 055 0 57 0 59 

November 0 0 0 0 0 0 0 0 

December 0 0 0 0 0 0 0 0 

Total 30 9 15 3 20 2 25 2 26 3 27 2 27 8 28 4 
I 

Seasonal Crop Coeffiuent (percent) 65 percent 82 percent 85 percent 88 percent 90 percent 92 percent 

Crop coeffiaents used were adpsted from estmates provlded by Godus and Cuenca (1998) 
and Cuenca and Kelly (1998). Both estunates detemuned hybnd poplar wae use and mop 
coeffiaents from sod mosture meaSurements m an &gated agronomicsetting. Estimates of 
crop coeffiaents for 1- and 2-year-old trees were adjusted from the values presented m 
Godus and Cuenca due to &fferences m plant spaang The spaang proposed for the Rocky 
Flats phytoremehahon system 1s expected to be 5 feet by 10 feet, (870 trees per acre), as 
opposed to 8 feet by 10 feet, or 600 trees per acre, as g~ven by Gochis and Cuenca The 
difference m spaclng 1s important pnmady dunng the first few years of growth m that a 
hghter spaang speeds canopy closure, yleldmg a larger surface for evaporabon 
Correspondmgly, crop cueffiaents for 1- and 2-year -old trees were mcreased by 
approxlmately 12 percent from the values reported by G& and Cuenca (1998) 

Eshmates of crop coefficients for 3- and 4-year-old trees were taken dxectly from Cuenca 
and Kelly (1998) These eshmates were not adjusted, as the tree spaang from their work is 
sirmlar to that ptoposed at Rock Flats The crop coeffments for 5-,6- and 7-year-olds were 
increased by 3 percent, 2 percent and 2 percent, respectwely, from year to year to smulate 
m o r  mcreases in canopy density resulhng m slightly hgher leaf area mdices 

Irrigation Requirements 
The monthly imgabon requrement can be esbmated as the amount of projected ET that is 
not sahsfied by preapitahon Monthly preapitabon at Rocky Flats was eshmated by usmg 
mean monthly preapitahon values observed m Longmont and the raho of annual preapi- 
tahon observed at Longmont to that observed at Rocky Flats It was also assumed that the 
rainfall i s  100 percent effective m depressing ET When rainfall is less than 100 percent 
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effiaent, (1 e ,  some runs off or infiltrates but is not taken up by plants), the img&on - 
demand will be somewhat greater The generally conservahve sizing of &e imgabon 
fadihes, and tolerance of cottonwood to dehcit imgahon, offset any deficit due to non- 
effectwe ramfall 

- 
The results of these calculahons are shown in Table 3, with annual mgation depths rangmg 
from 7 to 19 mches, mcreasmg as the trees mature 

Average Monthly Precipltabon and lmgation Requirements 
TmU3 - 

Rocky Flats 
Precipitation Irrigation Requirement (inches) 

(inches) Year1 Year2 Year3 Year4 Year5 Year6 Year7 - - - -  . -  - - - - -  - -  
Month 

- -  - -  - 
January 0 4  0 0 0 0 0 0 0 

February 0 4  0 0 0 0 0 0 0 

March 1 2  0 0 0 0 0 0 0 

Apnl 1 8  0 0 0 0 0 0 0 

May 2 7  0 0 0 0 0 0 0 

June 2 0  0 93 1 73 2 35 2 65 284 296 3 08 

Jub 1 2  264 400 5 20 5- 580 5 95 6 10 

August 1 3  2 18 3 52 6 66 666 6 85 6 98 7 10 

September 1 3  0 81 161 181 204 215 2 23 2 31 

October 1 5  0 0 0 0 0 0 0 

November 0 7  0 0 0 0 0 0 -  0 

December 0 4  0 0 0 0 0 0 0 

Total 15 0 6 6  10 9 16 0 16 9 17 6 18 1 18 6 

Note Rocky Flats precipation by month was &mated usng monthly averages at Longmont and total 
annual preciprtabon for both sites 

Given the ob jdves  of the passive system, actual operahon wdl hkely mclude less 
imgahon than speafied m Table 3, espeaally after year 2 The pnmary purpose of imgahon 
wll be to estabhsh vegetahon, train rootmg mto deeper layers for maxunum access to 
groundwater, and then to allow groundwater to sahsfy the maxlmum proportion of the 
plants’ water needs possible As the trees mature, th~s will occur 

On the other hand, the achve system wdl be irngated throughout its vears of operahon The 
o b j a v e  m the achve system is not groundwater uptake 

Also, a native that is locally adapted wll  e h b i t  much greater stomatal control (resultmg in 
lower ET) than a genenc hybnd poplar will Hybnd poplars were studied to develop crop 
coeffiaents used to develop ET estimates (Table 2) and imgabon requirements (Table 3) 
Since hybrid poplar tend to use more water than native cottonwood, t lus approximabon 
likely overesbmates Cottonwood ET and irngation requirement 

3 
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DRAFTCONCEPNAL DESIGN R E ~ T  

In summary, the following considerahons must be taken mto account m &e longternsite 
plan 

0 

0 

0 

- 

0 

0 

suffiaent water 1s avadable Peak imgabon demand for mature trees is  over 7 inches per 
month, and peak demand in year 2 i s  already 4 mches 

When groundwater 1s wittun or near to the root zone, a sigruficant proporhon of the 
projected ET should be sabsfied by groundwater 

When mgahon 1s removed from new plantmgs, their ET will declme dunng penods of 
moisjure scaraty (when groundwater and preupitahon are not sufficient to satsfy 
demand) 

Nitrate wdl move to the plant m groundwater, but wdl only be consumed by trees m 
quanhhes that they can a s s d a t e  (see the next &on) 

Dunng wet years, mgabon demand wdl be less and T?s flow wdl be more Smce the 
actwe system has more than enough hydrauhc capaaty relative potenhal ITS flow, 
maeased volume of ITTS water do not pose a problem 

- - -  - - -  - -  - _- - - -  - -  - -  

Even though the average mgahon reqwement for the m t e r  months 1s near zero, 
imgabon may be r e q d  virtually any bme of year at tlu site, If a penod of f m  weather 
occurs. Even when trees have no leaves, they can lose enough water m dus dry b a t e  to 
cause stress. Therefore, the mgahon system needs to be operable throughout the year, and 
site monitonng durmg ebtablishm&t needs to detect and respond to pen& of water stress 

Nutrient and Contaminant Immobilizationand Remediation Processes 
Nitrate-mtrogen and uraruum lsotopes are the key contammants m the SPP. The proposed 
phytoreme&abon system must adequately address both Cnbcal system parameters 
therefore mclude the followmg 

Nitrate uptake rate. llus provlde a nohon of how much rutrogen the passive, and 
passive/a&ve systems wdl be able to Immobhze With estrmates of rutrate load m the ITS, 
it also detenxunes the slze of the actwe component of the passive/achve system 

Carbon productioh. Nitrogen uptake by plants 1s one mecharusm of phytoremediabon 
Another i s  enhancement of soil mcrobial actrvlty (mcludmg derutnficahon) through a 
variety of means, espeaally the producbon of assimlated carbon for the mcrobes to “eat” 
as they transform mtrate 

Uranium uptake rates. The presence of uraxuum in the SPP makes tlus a concern for 
exlstmg vegetahon and for new plantmgs If uramum removal technology is unplemented, 
the cause for &us concern should be greatly reduced 

Nitrate Uptake Rates 
The antmpated treatment mecharusm for t lus system IS two-fold 

Hydrologic control the volume of groundwater rechargng the creek will be reduced 
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0 Nutrient removal uptake and derutnhcabon w i h  the extensive, and_ biolowally 
acbve root zone wdl reduce SPP rutrate load 

Much of the rutrogen taken up by cottonwood is restored to the land m leaf htter, but some 
is stored m root and stem biomass untd the wood itself falls and decays About 105 to 200 
lb/acre/year are used by producbon stands of poplar Nahve cottonwood should be wthm 
the 85 to 160 lb/acre/year range, dependmg on their vigor Total load m the current ITS is 
approximately Tlus results m the followmg phytoremediabon impacts for rutrogen, from 
uptake alone 

In the 15acre passive system, 2,250 lb of rutrogen per year, or about 33 percent of the 
current ITS load 

- In the 46-acre acture component o f  the passive/achve systexr(if it iSpl*gd with - -- - 

- 

~d cottonwood), 6,900 lb of rutrogen per year, or 100 percent of the current ITS load 

Other rutrogen losses (natural attenuahon by processes other than uptake) can be 
considerable. Carbon and rmcrobial acbvlty often h t  the rate of derutnfication m 
groundwater Under nahve grass cover, most organic matter c y h g  takes place m the 
upper foot of sod. When the root zone (and assmated carbon cycling and microbial 
popdahons) extend to 6 feet or more, and rutrate-nch groundwater penodm.Uy enters h s  
zone, derutnficabon rates at the site should be considerably boosted. It IS *cult to 
provlde a numeric estmate of tlus removal, but natural attenuahon can rapidly reduce 
groundwater concentrahons when condbons are favorable. Field monitoring can be 
designdtcwstimate xutrogen loss and immobhtion, mdudingsamphg of plant &sue, 
s0il;GtI groundwater, as well as dxed measurement of attenuabon processes (Irke 
derutnfication), as needed 

Carbon Production 

$,,*.'&* - i - 

- .~ 

The most basic funchon of green plants is photosynthesis, a process that mvolves the 
fixahon of atmosphenc carbon, chanpg it from its most oxdned form (CO,) to hghly 
reduced forms (orgaruc chem~cal compounds such as sugars). This hed carbon IS retuned 
to the sod m a number of forms, mcludmg leaf htter, root growth and root turnover m the 
sod, and release of orgaruc compounds from roots (root exudates). Furthermore, these 
carbon mputs to the sod can be uhhzed by soil rrucroorgarusms to mcrease rates of derutn- 
hcahon Over tune, there IS the potenbal for plant carbon mputs to reduce the need to 
replace carbon amendments m the proposed funnel and gate system 

Root data, parhcularly under held condibons, i s  difficult to ob- Estmates for root 
biomass can be made through knowledge of typical root-toshoot rahos (RS rabo) A 
loganthrmc h e a r  relahonshp between shoot weight and root IS usually found Table 4 
shows eshmates used m the establishment of CH2M HILL'S Rwerbend Landfill project 

CI. 
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TABLE 4 
Estimates for Hybnd Poplar Growth Used at Riverbend Landtill 

Root Biomass Stem Biomass 
(Ib of dry (Ib of dry 

Year matterlecre) mattedacre) Root. Shoot 

1 200 1500 0 13 

2 2500 8000 0 31 

3 4700 14,400 033 

Typical RS rabos for trees are 0 15 to 0 20 (Bray, 1963 as ated m Kramer and Boyer, 1995), 
however these data vary wdely by species, age, and enwonmental condihons Hellman et 
al (1994Jfound RS values for4 year-old hybnd poplar trees m Waslungton were 0.34 to - 
0 42, roughly s d a r  to the hverbend design data Nahve cottonwood are assumed to have 
a s d a r  RS rabo 

The release of root exudates also vanes a great deal dependmg on plant speaes, age, 
enwonmental con&bons, and possibly other factors Separahon of the normal turnover of 
plant roots (death and cell lyss) from releases of carbon from hvmg twue (exudahon) IS 

also ddficult Both processes result m the release of organic carbon to the sod, are extremely 
~ d t  to measure under field con&bons, and yet are consldered extremely unportant m 
phytoremediahon systems Wlupps and Lynch (1985) found 10 to 20 percent of total 
photosynthate producbon was released mto the sod. Vancura (1964) found 7 to 10 percent 
rel&psomestucim have suggested that under some condihom, up to 50 percent of total 
photosynthate production may be released to the soil (A: Blackmw, 1989; personal 
corr$nunication)). A reasonable assumphon then IS that the proposed cot tonwd system 
would be expeded to dease at least 15 permt of total plant biomassas carbon-contamng 
compounds into the soil m the form of exudates and turnover of fine roots. 

Hedman et al (1994) provlded detaded informahon on hybnd poplar biomass producbon 
For four-year old trees, they found a mean annual above ground biomass producbon of 5 to 
10 9 tons/ac/yr (several clones) The root biomass ranged from 8 6 to 16 9 tons per acre, or 
2 1 to 4.2 tons/ac/year. Roots extended to greater than 105 feet m 4 years, although most 
roots occurred m the upper soil Imgated hybnd poplar trees gromg m sandy sods m 
eastern Oregon were found to have extensive rootmg to at least 12 feet below the surface 
after6 years of growth 

A survey conducted m the Willamette Valley, Oregon found that above-ground biomass in 
hybnd poplar planted at 600 trees per acre with medmm productmty would produce 
approxunately 15 tons per acre of above ground biomass by the SIh year (Withrow- 
Robmson, 1994) Table 5 shows estunated total carbon mput from the phytoremediabon 
system based on hterature values adjusted for albtude and differences in yleld potenhal 
between natwe cottonwood and hybnds The produ&on of leaves is neglected for tlus 
analysis It IS assumed that annual leaf fall will pnmanly serve to increase soil orgaruc 
matter levels near the surface and/or be lost as COz, and wdl not sigruhcantly contnbute to 
groundwater carbon 

- 

c 

I * 

\ 
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Esttmated Input of Carbon to Soll-Groundwater System by the Phytoremediation System 

Total Biomass, Roots and Stem 
Year (Wac) Carbon Input (Ibladyr) 

1 1500 112 

2 6000 450 

3 1 1,400 855 

4 20,000 1500 

5 25,000 1875 

Assumptions Root turnover and root exudate production 15 assumed to be 15 percent of total plant biomass 
- -  - Carbon . .  content - is 50 percent . of root - -  turnover -- and root exudate - dry-matter - - -  

llus results m the followmg carbon contnbubon from roots of the phytoremechabon system 
components 

0 In the 15-acre passive system, 14 tons of carbon per year m the mature system, 3.4 tons 
per year by year by the second year 

In the &acre acbve component of the passive/a&ve system (d it 1s planted w~th  
cottonwood), 43 tons of carbon per year rn the mature system. Although tlus 
contnbubon would be outside of the plume area, it would stdl fuel dexutdicabon 
processes that would consume rutrogen collected m the ITS and applied to the actwe 
sys- 

Although an unknown fracbon of ths carbon contnbubon vnll be lost as CO, III aerobic 
zones*or+aCfmnXdak-as mcreased orgaruc matter, the data 
proposed system wdl contnbute a sipficant quantity of carbon to the soil-groundwater 
system. Smce the lack of avalable carbon is most hkely h t m g  derutnficahon, the 
phytoremdahon system should mcrease overall rates of mtrogen loss through 
derutnficabon 

If the achve component of the passive/achve system IS herbaceous, carbon mputs and 
derutnficabon deep m the sod will be sigruficantly less than m the passive system wth deep 
rooted trees The mgabon system m the actwe system would also be managed rn a way 
that would not promote derutnficabon In a herbaceous system (mostly grasses), most 
rootmg wlll occur m the surface 1 to 2 feet, and carbon will mostly accumulate as increased 
orgaruc matter Carbon contnbuhons to groundwater m the passive component of a 
passive/actwe system would be simlar to the stnctly passive system 

0 

Table 5 mdi&tethatthe 

Uranium Uptake Rates 
Because uraruum is present at elevated levels m the SPP, potenbal plant uptake of urmum 
IS a considerahon m the implementahon of both the passive and passive/achve 
phytoremediahon systems 

Passive System Prelimnary data collected at the site suggest somewhat lugher uraruum 
values in the leaves of deep-rooted trees at North Walnut Creek as compared to a control 
site, suggestmg a relahonslup with the presence of the SPP Rates of uptake are expected to 

RDDSF0/98209W02bOC (CAH289 DOC) 26 



I -  

- 

E- = 
B 

remam low because under the alkahne pH conditions expected the vast m _ o n w f  uramum 
is expected to adsorb to the roots and not be translocated to the above-ground parts of the 
plant 

In the course of a literature review (“Rocky Flats hterature Review - Plant Uptake of 
UrmumN, March 29,1998 from Jm Jordahl and John Ihckey to Kelley Hranac et a1 ), no 
studies were found that descnbed trends m hfe-cycle uramum uptake m cottonwood or 
other plants. Laboratory studies generally concerned juvede plant matenal Root- 
membrane barners to plant uptake of heavy metals are generally least developed m young 
plants, malung theu rates of radionuchde uptake per urut volume water uptake, or per uxut 
plant biomass, hgher than those found m mature plants Field studes generally report 
nahve plant concentrahons at a pomt m tune, and typically desmbe total sod uraruum - 

- -  . -  
- .  - - concentrabons rather than bioavadable concentrahortj 

~ 

- .  - - -  - - - -  - -  . - . - -  

Field condhons could potenbally maease concentrabons molder plants. For example, 
mature trees wdl be more deeply rooted and have greater access to groundwater, a possible 
source of urmum. For establlshed perentual plants such as poplar, it may be possible to 
relate uptake of uraruum each growmg season to chanpg water uptake rates No hterature 
was found to support such a calculahon 

PassivdActnre System. Uraruum would not be an =sue 1 ~ 1  the active component of the 
passive/a&ve system because any groundwater removed from the SPP would be 
pretreated to remove urmum before appfimbon outside the plume The passive 
component would only be ungated with rechmed water from the wastewater treatment 
plant as needed for establishment. The only potenbal uraruum uptake by the passlve 
componentof the passive/achve system would be from groundwater uptake, whch is 
expected tobelirmted 

The Fate of Uranium in the Biomass 
Data collected from plants at the site showed the hgKest concentrahon of uraruum m 
cottonwood leaves, wth lesser amounts m the branches The review of the hterature found 
that the fate of uraxuum m plant W u e  vanes considerably, and that uptake of uraruum is 
hghly plant- and sod-spechc. Soil factors d u e n a n g  uptake mclude the amount and 
speaes of other cahons present, the type of clay rmnerak, and pH Several recent papers 
have reported results wth  rhnofiltrabon (adsorpbon of uraxuum to plant roots) 
Hydropomcally-grown sunflowers successfully removed urmum from a groundwater 
passed through the system Almost all (99 percent) of the uraruum removed from the water 
was concentrated 111 the roots Shoot uranium concentrations were not significantly 
different from control plants (sunflower not grown with U-ennched solubon) In addihon, 
a study of oat seedlmg growth m soil showed that most uraruum accumulated m the roots, 
and was not translocated to the shoot or seed No reports found speafically descnbe 
urmum uptake by Pupulus spp 

Other Parameters Pertinent To The Hydrogeologic Analyses 
CH2M HILL (Dickey and Jordahl, 1998) reviewed project status with staff at McLane 
Environmental in a conference call on Apnl17,1998 CH2M MLL and McLane exchanged 
copies of their respectwe scopes of work and some of their draft work products McLane 
descnbed their modeling effort and model capabilihes, and the need for CH2M HILL to 
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assist with boundary condihons as the conceptual design is developed It c was agr-r   at 
the analysis should include design of the system considenng two scenarios one assurmng 
no alterahon of Prebles mouse habitat and a second asswrung optmuzahon of the system 
ignonng Prebles habitat boundanes Thts report focused on the no unpact scenano 
However, it is noted that the area excluded from the passive system to avoid Prebles habitat 
was 4 3 acres Its mclusion would add 29 percent to the proposed passive system area 

Current habitat delmeahons are based on the dependence of Prebles on npanan areas, 
where the phytoremediahon system could conceivably prowde substanhal surface water 
quality benefits We anhupate McLane usmg the groundwater model to assess the 
drfference in performance between the two configurahons If the difference IS substanhal, 
then we recommend reviewing the possibihty of refirung the habitat delmeahon w i h  the 
potenhal extent of the phytoremedlahon system ‘&IS could have the result of mcreasmg or 
decre&mg the npanan aiea fFiatkodd bSpl%td %ih &es for lht5 phyCor&dlahon = 

system 

- 

Summary of Design Assumptions and Criteria 
Passive System 

It IS assumed that SPP water can be used to estabhsh the system, and that water from 
the wastewater treatment plant 1s avadable as needed to supplement or to replace SPP 
water as needed 

The lrngated area wdl be approximately 15 acres based on the s l z ~  of the SPP and 
avoidance of Prebles habitat Approxlmately 18 acres wdl be planted, p r o w h g  a small 
buffer at the plume’s edges The buffer wdl not be imgated with plume water 

Water collected by the ITS wll be stored m a s& modular tankand used to mgate 
the passive site as needed 

A pdot test may be conducted to deterrmne if there IS a plant uptake problem with 
urmum assoaated with the planned subsurface ungabon system 

Water storage and the imgahon pump wdl be sned to lmgate ITS water every day for 2 
hours 

Nitrogen uptake is expected to be at least 150 lb per acre by the tl-urd growing season 
and sustamed thereafter 

PassiveIActive System 

A bamer wall or other technology will be used to pretreat groundwater to remove 
uraruum before applicatmn outside the SPP footpnnt 

The achve system consists of 46 acres imgated to treat rutrate-laden water collected by 
ITS 

ITS water will be stored in a new modular storage tank designed to accumulate non- 
growmg season flows Storage facilihes and the imgahon pump are sized to irrigate ITS 
or W W m  water every day for 2 hours 

I 
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The actlve component will be imgated tylth ITS water to sabsfy xutrogen uptake - 
capaaty, with supplemental water supplied from the WWTP as needed WWTp flows 
wdl consbtute all of water used to imgate the passive site, and wll provide most of the 
water on the achve site 

Assumptions common to both Passive and PassivdActive Systems 

0 The ITS flow i s  1 05 MG per year 

0 The ITS trenches will be capped with vegetated, heavy-textured soil to prevent 
lnfiltrahon 

0 Surface runoff (from buildmgs etc ) wdl be rmnuruzed Runoff from the site, espeaally 
the ITS- trencli, w i ~  h maxlrmzed TIUS flow of clean water -a th-dn iijrpass tHe 
plume and hlute flow m the creek 

- -  - 

Hydrologic, Hydrogeologic Crlteria 
The major objechves of SPP remechahon have to do wth mamtztlrung water quahty m 
North Walnut Creek Phytoremediahon system cntena related to this goal mclude the 

Sigruficantly reduced recharge of North Walnut Geek from the SPP over trme wdl 
benefit North Walnut Creek water quahty, smce other &ow IS of lugher quallty than 
SPP lnflow 

follomg 

Regulatory standards must be met Stream standards are currently 100 mg/L nitrate, 
changmg to 10 mg/L m the year 2006, ant10 pCi/L uran~um, perhaps mcreasmg to 30 
pG/L. The pomt of comph-mce IS &edy m eoundwater adjacent to No& Walnut 
Creek, but thts could change to an m-stream pomt of compliance 

The MST's wdl not be avadable as part of the lTS rn the future, but altemabve storage 
could be prowded, at no cost to the phytoremehahon system, and conhued operabon 
of the ITS 1s an opbon It would be of benefit for the phytoremAahon system to 
accommodate flow and load from the ITS, and to requue as httle storage as possible to 
do so Given the cnbcal sethng of the project, redundant remediabon design IS ju~thed. 

Adapbve management of the site wdl be possible and desirable, as vanous component 
remediahon and source control efforts take effect, and as climate and other site 
condibons vary and evolve 

0 

, 

System Descr i pt I on 
General design charactensbcs and operabon of both the passive and passive acme systems 
are descnbed m the following sechons Plantrng methods for both systems are also 
included 

Passive System 
Two altematwe phytoremediahon systems have been considered The first system, shown 
in Figure 7, i s  a passive system and was designed to alleviate the need for a large storage 
facdity required to store year-round discharged ITS water The passive phytoremediahon 
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system wdl consist of approxlmately 18 acres of nabve cottonwood trees-Apprrwmtely 15 
of the 18 acres shown on Figure 7 is mtfun the SPP and wdl be imgated with its water The 
buffer could be left ururngated (as assumed m our costs), or its imgahon system could be 
isolated, and reclaimed water from the wastewater treatment plant would be applied The 
passive system would be mgated for a m m u m  of three years m order to establish a 
viable root system ensunng the survivabihty of the tree 

Dady &c&arge water from the ITS will be pumped from the ITS system to a 10,000 gallon 
regulatmg modular storage tank llus water wll  be apphed daily dunng the growmg 
season to the passive phytoremediabon system untd tree roots are established Dlscharge 
from the ITS system will account for approxunately 1.25 mches of the irngahon r e q w  
ment Supplemental imgabon water, to meet plant-water reqwements for one, two- and 
three-year old Rees, wdl be-supphed from the wastewater treatment plant Dependmg-on- - 

the ageofthelree, 5 to15 &hes-(22-6MG)a&1ually d - b e  &sed to supplement ikigahon 

The proposed passive system conslsts of the mstauabon of two small scale (1 and 3 
horsepower) pumpmg stabons, one at the wastewater treatment plant and another at the 
modular storage tank adjacent to the sump faahty of the ll3 (or at the replacement for h s  
tank). The pumplng stabon at the ITS site 1s s d  to d&ver the d d y  flow from the ITS to 
the mgahon system. Given the high degree pf topograplucal vanahon, a small booster 
pump may also be requed to provlde adequate mgahon system operatmg pressure The 
modular storage contamer wdl be placed made a larger containment vessel as a precaubon 
agamst leakage. *The urut 1s sned to store an average threeday flow from the ITS h 
provides some storage for days when mamtenance and repaus must be performed to the 
migation @t&n. lTS cldmrge 1s not expected to be stored on days outside of the May- 

Two conveyancehes will be lnstalledfrom the pumpmg stations to a mi3rufold located 
adjacent to the 15-acre mgahon site. The two conveyance hes w-dl be ~omed and 
C O M & ~ ~  to the field madold, whch wdl htnbute  the flows between three, sacre 
blocks Adequate precauhons wdl be taken to prevent any backflow of ITS water mto the 
WW" conveyance h e  The combmed flows wdl be apphed to the phytoreme&abon site 
untd a majonty of the trees have rooted suffiaently to access exstmg groundwater After 
tlus pomt the mgahon system wdl be dsconnected and the ITS wdl be capped 

The mgabon system wdl consist of subsurface dnp laterals, placed along contours, 
contauung root-guarded emtters (see attached sample) spaced m a 5-foot by 5-foot pattern 
ms bght spaang will result m hgh apphcabon uxufomty allowing the success of both 
planted cottonwoods and other herbaceous vegetahon Trees mll be planted on a 10-foot by 
5-foot spacing at-, effectwely, 870 tees per acre 

The morutonng system for the passive system has not been developed m detad, and 1s not 
included m system costs However, the following components would likely be mcluded 

- -  

septemberrgrowlngseasdn 
- 

Plant hssue morutonng (leaves, stems, and uubally roots, for uraruum, rutrate, and total 
rutrogen) 

Plant biomass accumulahon morutonng 

Soil morutoring (for moisture, nitrate, ammoruum, salmty, orgaruc carbon, and 
uraruum, perhaps some in-situ measurement of demtnhcahon) 

t 
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0 Pore water morutonng in the vadose zone (for rutrate, amoruum, s a b t y ,  argarur 
carbon, and uraruum) 

Groundwater level morutonng (where the exlstmg morutonng well network and 
samphg frequency may not provide adequate data density) Given the exlstmg 
morutonng well density, no addibonal morutonng wells are expected 

0 

PassivdActive System 
The second altemahve 1s a combined passive/acbve system Tlus altemahve was developed 
because it can reduce the excess rutrogen load of the SPP. The achve phytoremediahon 
system WIU be 46 acres (over and above the 15 acres from the passive remelabon system) 
The actwe system was slzed based on the concentration of rutrogen XI the ITS hscharge 
stream and an eslunatedupfakebfil15Mb of iutrogiin pGr mk per year - - - - - 

The actwe system's sue was d e t m e d  based on average rutrate concentrabons m MST 
water, and average groundwater d o w  reported for the ITS. Refinements to estimate peak- 
year rutrate loads, should be used to refine the slze of the active system 

For the achve system, ITS water will be collected year round. The annual yeld from the ITS 
trench is approxlmately 1 05 MG Storage will need to be prmded for approxunately 0.5 
MG of ITS water collected during the mtextnne (ia , October through Apnl). Durmg the 
growmg/mgabon season, water wdl be pumped from the storage fadty  to the achve 
remediafion s t e  mth a 2-horsepower pump- The migatton system wdl be operated m such 
a manner that the avadable nitrogen wdl mgated,when the trees can best take it up, and 
the storage contamer wdl be essentdy empty by the end of the gromg/irrigation season 

As for the passive system, -e from the FTS system will account for approxlmately 
1.18 niches of the mgat~on reqmreniknf at the a-ve site: Sufilemental mgabon water 
r e q d  by the achve phytoremdabon site, ranpg from 2 4  to 6 4 MG annually, d be 
pumped by a 3-horsepower pump at the WWTP Sahsfachon of ths reqwement wdl 
maxuNze the rutrogen uptake capaaty of the achve system. The passve phytoremedtation 
site wdl be supphed mth, and only mth, WWTP water from bus pump The passive site 
will requue between 2 7 and 6.5 MG of water, annually T ~ I S  reqwement should be met to 
ensure the long-term survlvabihty of the passve remechation system 

The water will be htnbuted to both mgabon systems through marufolds at both sites The 
achve system site wdl be hvided mto three, 5 %acre mgabon blocks Adequate pre- 
caubons will be taken to prevent any backflow of ITS water mto the WWTP conveyance 
line The passive system site 4 be lwded mto three, Sacre blocks The rrngahon system 
will consist of sdbsurface dnp laterals, placed along contours, contamng root-guarded 
ermtters spaced in a !%foot by 5-foot pattern 

Passive System Planting Pian Grass Understo+rass will be planted m all of the tree 
areas to provlde soil erosion control, maxlrmze consumptwe water use III the early years of 
the plantahon, and to encourage deep rootmg of the trees Grasses will be used to keep the 
upper layer of the soil dry Tree roots wlll be forced to extend deeply mto the soil in search 
of moisture, resulhng m earlier mtercephon and utdizatron of the hgh-rutrate groundwater 
An adapted, drought-tolerant but shallow rooted speaes such as Western Wheatgrass will 
be used for the bulk of the seed rmxture Other, cool-season speaes may be mcluded, such 
as the other wheatgrasses (Slender, Tall, Crested, or Intermdate), Smooth Bromegrass, and 

\ 
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Orchardgrass Nahve, warm-season praine grasses may be established separa telym other 
areas These speaes would mclude Big Bluestem, httle Bluestem, Blue Grama, and 
Buffalograss Inclusion of a vanety of specles serves to decrease nsk and generally mcreases 
habitat values 

Trees-Natwe RmGrande Cottonwood wdl be used It is a well adapted nahve tree that can 
root into groundwater to extract water and rutrate 

PZanting Method-Achevmg the earhest possible root mtercepbon of the SPP IS essenbal 
The best way to obtam t h ~ s  is to plant the trees as deeply as possible Cottonwood can be 
established from "poles" cut to very long lengths, but rooted stock will fare better m h s  
area w~th its low hurmdity In many areas of the SPP, alluvlal groundwater hgh m rutrate is 
present wthtn 10 -feet of the surface For example, 12-foot stock could be installed to a 
depth of 10 feet b s y s t e m  would beideal for the alluvial $omdwater-dq%b found-i 
some areas of the SPP However, avdabhty of very long plantu-tg matenal IS qute luruted 
and reqwes planrung 1 to 2 years ahead. Augers can be used to bore mdmdual holes for 
each tree Trees should be planted as deeply as possible, w~th  the bottom of the root ball at 
average depth of summer water table If possible Trees should be located to lTuruIIuze tree 
rootrng mto the dram des of the lTS 

Spec~al, deep rootrng techruques have been developed for hybnd poplar trees and 
cottonwood These have not been ngorously evaluated to date. Generally, these mvolve 
bonng overme holes and backfillrng mth matenals to ITUIUnuZe the avdable water m the 
upper root zone. It 1s recommended that these methods be tned on at least a small scale at 
thrs Slte 

- 

- 

Operabonal Plan 
Aiinual operahon p i a  and costs have not been developed ni detad Sbme th&gs that trill 
need to be considered mclude the folloimng- 

Wmter operahons need to be spwhed, although subsurface dnp i s  frost-resistant 

Imgahon schedulmg should be set up based on sod molsture profiles 

Imgahons should be long, deep, and mfrequent, only when the site reqmes the 
molsture 

Penodic maintenance to detect or avoid pluggng of the IT3 by roots 

Thuuung of the stand may be necessary 

Herbaceous plant management and transibon to woody overstory Vigorous early 
growth of the understory may requxe some weed control around trees unhl they 
"escape" and grow above the understory Th~s IS typical dunng the first year after 
plantmg 

Tree death and windfail must be left on-site or removed as system selfsizes 

Rehrement of the irrigahon system It may be easiest to leave i t  in place and cease to 
operate it 

a 
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1 ,  

Morutonng equipment should remain as long as it works and conhnues to support site 
management 

I 

Capital Cost Estimate 
Capital costs are provided for the passive and passive/acbve systems have been esbmated 
on an order-of-magrutude basis The informabon presented 1s based on the conceptual 
layouts of-the proposed systems Costs for certam system sub-components are provlded on 
a per-acre bass Actual pipe routes, pump requrements and system appurtenances have 
not been field proofed 

Passive System 
- -  The estgnated to_taLcos& for the-passvephytoremedlahon system IS $366,ooO. Abreakdown - 

of system components is prowded m Table A-1 (m Append~  A) As prewously menhoned 
the passive system wdl have 18 acres of planted nahve cottonwood trees Approxlmately 15 
of the 18 acres wdl be subsurface mgated The trees wdl be planted as 9 to 12-foot rooted 
stock, whch are augured mto the soil to a depth of 6 feet T ~ E  deep plantmg WIU reduce the 
hme to deep root-zone estabhshment. A total of 15,660 trees wdl be planted m the passive 
system at an estrmated mstallabon cost of $8 per tree. 

Major components of the cost estmate are the combmed conveyances ($39,600), the 
modular flow regulatmg tank ($22,O00), field marufold ($14,OOO), submam system ($24,600), 
subsurface dnp tubmg ($25,OOO), control and morutonng mtrumentahon ($7,500) and trees 
($125,300)). The total coston a per acre bass 1s $17,140 The per-acre infield mgahon 
apphcahon systemcost is $8,660. 

Actual pipe routes, appurtenances quanhhes, and costs may change m final design 

PassnrelActive System 
The eshmated total cost for the passive/achve phytoremedlahon system is $671,000 A 
breakdown of system components is prowded m Table A-2 The passive/a&ve system 
mcludes 46 achve acres wth the 18-acre passive system peldmg 64 total acres The locahon 
of the actwe system wdl have a large impact on actwe system conveyance costs Currently 
the actwe system IS proposed to be located south of the WWTP faaclllty The major 
differences m passive/a&ve system componentry resultmg m the mcreased cost over the 
strictly passive system are the new 0 5 MG modular storage facrllty ($34,OOO), mcreased 
acreage (64 total acres), addihonal conveyance and subsurface ungahon tubing The system 
cost on a per acre bass is $11,032 and the m-field mgahon apphcahon system cost is 
$7,406 Actual ppe  routes, appurtenances quanbhes, and costs may change m final design 

- 

Summary and Recommendation 
The passive long-term vision RFETS and evolvmg technologcal and regulatory approaches 
to the SPP make defiruhve remediabon design a challenge The best approach appears to be 
artful combmahon of complementary technologes to acheve short-term regulatory targets 
and long-term site management goals 

Uptake witfun a passive phytoremediabon will reduce rutrogen load withm the SPP by 
about one-tlurd of the mass currently recovered in the SPP Demtnhcahon witlun the root 
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zone of h s  system is much harder to predict, but could remove 50 to 1OQperceatagain of 
the amount taken up This removal would be idenhcal to that effected m the proposed 
demtnficabon trench, but would occur ~II bulk sod, fueled by the 14 tons of carbon con- 
tnbuted annually by the system’s root system. The order-of-magrutude cost for the 
proposed, 18-acre passive system is $366,000 

Imgahon of the passive system with water from the ITS should be pdot tested on a small, 
carefully morutored plot. Uptake and transport of urmum ~fl plant &sue should be qute 
lmted, and the proposed method of subsurface dnp mgabon further nuTunuzes the nsk of 
uraruum bioavadabdity However, neither the hterature nor laboratory studies can provide 
the cost-effectme certamty of an on-site tnal 

Addibon of an achve phytoremediabon system presupposes that uraruum d be removed 
-from -the ITS Water. Further, to-irunmme stora-ge requuemehts, it-is a&ine&[aiid &om- i- 

mended) that Il‘S trenches be capped wth a vegetated cover that wdl greatly reduce 
mfiltrabon and d o w  of surface water Once rmxed wth SPP water, h s  I&I must be 
stored, and that is costly 

The proposed achve system would benefiaally use 100 pacent of the mtrogen load 
currently collected m the ITTS Thts would leave groundwater (and mtrate) not currently 
collected 11\ the ITS to be dealt wth by other component technologies, mcludmg the passive 
phytoremdabon component. In h s  case, no SPP water would be used for ungation 
w~ttun the SPP, an unprovement over the passive-only system, smce the establshed trees 
should have no problem meetmg then need for mtrogen by uptake from groundwater. The 
order-of-magnitude cost of the proposed, s a c r e  passve/active system 1s !Wl,OOO. 

The m e  and shape of the passive and passive/achve systems conform to critena set by the 
overall remedwbon effort context. However, k o n t e x t  will certarnly evolve. As it does, 
bear m mmd that these systems are flemble; they can be enlarged, s h ,  and moved as 
needed, so long as they sbll conform to site management and plant growth requuements 

- 
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Table A-7 -- - - 
Potential Phytoremediation and Lanc Application of Nitrogen Contaminated 
Groundwater at Rocky Flats, Colorado: Passive System Costs 
The information presented below is based on a conceptual layout of the proposed system 
The pipe routes, pump requirements have not been field proofed 

Assumptions. 
Size of Passive System 

Passive System will cover NO3 plume area below the cutoff trenches 
(Measured from Figure 1 RFCA Groundwater Monitonng Wells 

Selected VOC & Nitrate Plumes Third Quarter 1996 Exceedances 
7 -> I &=- 

\ P?. &>.$.?% 

Other Assumptions 

Number of Manifolds based on 1 manifold per 40 acre 

Available Water Sources 
Collected Groundwater Available 
Daily Groundwater Available 
WWTP Produced 
Total Daily Known Source Available 

1,050,000 gallons 
2877 gpd 0004 cfs 

200.000 gpd 031 cfs 
202,877 gpd 0 31 cfs 
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Pipe Sizinq and PumP Calcs -- - 
Maximum Sizing Case Where All Passive Site lrrigatron Needs Must Be Met With !6NTP Water 
Assumes a 5 acre block sue 

Conveyance of WWTP to Passive 72 gpm 0 16 cfs 

Conveyance of WWTP Diameter 6 46 inches (say 6 inches) 
Veloctty in pipe 7 fps 

Pipe Length 2000 ft 
Pipe Friction Losses 101 ft 
Elevation Gain 60 n 
Pressure at Manifolda 92 n 
Total Head 153 
Pump Hp 3 51 
Conveyance pipe costs $12 per If 

40 psi 

Assume all GW could be used at Passive site 
Do not know locabon of new storaae tanks Assume in same locabon as exlsbm Dmn storaoe averv other dav 

Velocrty in pipe 7 fps 
Conveyance of GW Dameter 
Pipe Length 
Pipe Fnction Losses 
Elevatton Gain 
Pressure at Manifolda 
Total Head 
Pump Hp 
Conveyance - pipe costs 

371 inches say 
1950 ft 
0 92 ft 
20 ft 

4 inches 

113 
086 
$8 perIf 

Storaqe AssumMons and Cost 
Modular storage should have capacity 3 days of ITS Flow (loo00 gal) 
Costs provtded below are for a containment storage tank 

Storage Reservoir Cost loo00 gal $6,700 
Containment Storage Tank 12000 gal $13,298 

$1 9,998 Subtotal - reservoir 

Total $21,998 
Ftttings and Connections 10% of Subtotoal $2,000 

RDD-SFOI982090005 XLS lCAH290 XLS) 
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-I - Capital Costs- Passive Svstem c 

Site Preparation 18 ac $650 $1 1,700 
Pump Station WWTP 1 3 h p  $900 $900 
Pump Station GW Storage flow 1 1 hp $500 $500 
Booster Pump 1 1 hp $500 $500 

Item Quantity Unit Unrt Cost3tended Cost 

Filtraton System 1 ea $700 $700 
Conveyance Pipeline- WWTP flow to Passive Site 2000 If $1 2 $24,000 
Conveyance Pipeline - GW Storage to Passive Site 1950 If $8 $1 5,600 
Modular ITS Storage Tank 1 ea $21,998 $21,998 
Manifold System 1 ea $1 4,000 $14,000 
Distnbution and Submain System 15 ac $500 $7,500 
Dnp Tubing (5x5 ft Emrtter Spacing) 130896 If $0 188 $24,608 

Tree System (10' x 5' ,870 treedac) 15660 trees $800 $125,280 
Subtotal - Active $254.786 

- I&G/Monitoring - --Wac- - -SO0 $7,500 - - - 

Engineenng Cost (1 5% of Subtotal) 
Project Cost 
Conbngency (25% of Project Cost) 
Overall Capital Cost 

Summarv: 
Per acre total cost $20,348 
In-field Irngabon Application System Cost $257.1 52 
Per acre Infield Irngabon Applicabon System Cost $17,143 

$38.21 8 
$293,004 
$73.251 

$366,255 

r- RDD SF0/982090005 XLS (CAH290 XLS) 
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-- - Table A-2 c 

Potential Phytoremediation and Land Application of Nitrogen Contaminated 
Groundwater at Rocky Flats, Colorado: Passive/Active System Costs 
The information presented below IS based on a conceptual layout of the proposed system 
The pipe routes, pump requirements have not been field proofed 

Assumptions 
Size of Passive System 

Passive System will cover NO3 plume area below the cutoff trenches 
(Measured from Figure 1 RFCA Groundwater Monitonng Wells 
Selected VOC & Nitrate Plumes Third Quarter. 1996 Exceedances) 

Active System will be based on the foilowtng 
Nitrate in aroundwater 785 ma/L 

Total hhtrogen available in GW 
Nitrogen uptake by plants 

6870 Ib 
150 Wac 

Other Assumptions 

Number of Mantfolds based on 1 mantfold per 40 acre field 

lrriaation Reaulrement Calculations 
I m g a t i Q w W i % t  
tmgatto4peixp-n * 

Estimated 4higation'Time for WWrP Water 
s6t~m~~~~'rApisrl;;atron 

Assumedlrrngatmqlowrdte requirement for passive 
system 
Assumedtlrnga~oruflowrate.trequreme~,for actwe 

Total irngatton*requirement 
system' t i  --- - 

RDD-SF01982090005 XLS (CAH209 XLS) 

not applicable 

72gpm P ,.OA &cfs 



Available Water Sources 
Collected Groundwater Available 
Days in Growing/lrrigation Season 
Daily Groundwater Available 
WWTP Produced 
Total Daily Known Source Available 

-c - c 

1,050,000 gallon 
153 days (May-Sept) 

0 01 1 cfs 
200,000 gpd 0 31 cfs 
206,863 gpd 0 32 cfs 

6863 gpd 

Pipe Sizinq and Pump Calcs 
Maximum Sizing Case Where All Active Site Irrigation Needs Must Be Met With WWTP Water 
Assumes a 5 acre block size 

Conveyance of WWTP to Active 
Velocity in pipe 
Conveyance of WWTP Diameter - 

Pipe Length - - - 

Pipe Friction Losses 
Elevation Gain 
Pressure at Manifoldb 
Total Head 
Pump Hp 
Conveyance pipe costs 

- -  - -  - 

36 9Pm 0 08 cfs 
7 fps 

6 inches 4 57 inches say 
1729ft - 

0 24 ft 
40 ft 
92 ft 40 psi 

133 need small booster 
1 52 
$12 per If 

Maximum Siring Case Where All Passive Site Irrigation Needs Must Be Met With WWTP Water 
Assumes a 5 acre block size 

Conveyance of WWTP to Passive 72 gpm 0 16 cfs 

Conveyance of WWTP Diameter 6 46 inches (say 6 inches) 
Velocity in pipe 7 fps 

Pipe Length 2000 ft 
Pipe Friction Losses 101 ft 
Elevation Gain 60 ft 
Pressure at Manifoldb 92 ft 
Total Head' 153 ft 
Pump Hp 351 Hp 
Conveyance pipe costs 

40 psi 

$12 per If 

Assume all GW could be used at Active site 
Do not know location of new storage tanks Assume in same location as existing Drain storage every other day 
Conveyance of GW storage to Actived 6,863 gpd 0 127 cfs f(set time) 57 

Velocity in pipe 7 fps 
Conveyance of GW Diameter 5 74 inches (say 6 inches) 
Pipe Length 3350 ft 
Pipe Friction Losses 1 09 ft 
Elevation Gain 20 ft 
Pressure at Manifoldb 92 ft 40 psi 
Total Head' 113 ft 
Pump Hp 205 Hp 
Conveyance pipe costs $12 per If 

9Pm 

I 
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' 4  . . 
-- - Storaqe Reservoir Assumptions and Cost 

Storage resetvoir should have capacity to store off season flows from ITS 
Gosts provided below are for a lined reservoir, 10 feet deep (approx 5 acre in size) 

c 

Storage Reservoir Cost 0 6  MG $30,000 $18,000 
Subtotal - reservoir $18,000 
Engineering Cost (1 5% of Subtotal) $2,700 
Project Cost $20,700 
Contingency (25% of Project Cost) $5,175 
Overall Capital Cost - storage reservoir $2537 5 

Capital Costs- Actwe+Passive Systems 
Item Quantity Unit Unit Cost Extended Cost 

$39,520 Si te Preparation 61 ac $650 
- -  

PumpStation W W f ?  - 1 3hp $1,000 -$too0 - 
Pump Station GW Storage flow 1 2 h p  $800 $800 
Booster Pump 1 1 hp $500 $500 
Filtraton System 1 ea $700 $700 
Conveyance Pipeline- W W P  flow to Active Site 1729 If $1 2 $20,748 
Conveyance Pipeline- WWTP flow to Passive Site 2000 If $1 2 $24,000 
Conveyance Pipeline - GW Storage to Active Site 3350 If $1 2 $40.200 
New 0 6 MG Storage Facility 1 ea $25,875 $25,875 
Manifold System 3 ea $1 4,000 $42,000 
Distribution and Submain System 61 ac $500 $30,400 
Drip Tubing (5x5 ft Emitter Spacing) 550124 If $0 188 $103,423 
I&C/Monitoring 61 ac $200 $12,160 
Tree System (1 0' x 5' ,870 treedac) 15660 trees $8 00 $1 25,280 
Subtotal - Active $466.607 
Engineering Cost (1 5% of Subtotal) 
Project Cost 
Contingency (25% of Project Cost) 
Overall Capital Cost 

Summarv 
Per acre total cost 
In-field Irrigation Application System Cost 
Per acre Infield lrngation Application System Cost 

Notes 
aFlow = 1/2 required flow for tree survival 
'Assuming PC emitters WII be used 
'Need small booster 
'Based on set time 

$69,991 
$536.598 
$1 34.1 49 
$670,747 

$1 1,032 
$450,316 

$7,406 
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